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1
Introduction
Carrier aggregation (CA) is an important feature standardized from Rel-10. The set of component carriers (CCs) in CA configured for a UE can be a mixture of FDD carriers only, TDD carriers only (of a same or different subframe configuration), or a combination of both. In this paper, we discuss one issue regarding SRS dropping under CA particularly when different CPs are used for different CCs.
2
Discussion
In Rel-10, when CA is configured for a UE, SRS transmission in a first cell is dropped if the SRS symbol happens to collide with PUCCH or PUSCH in a second cell. In Rel-11, such a rule is modified to tie with the TAG (timing advance group) configuration for a UE – for the case when a single TAG is configured, SRS dropping rule is the same as that of Rel-10, but when multiple TAGs is configure for a UE, it is allowed to have SRS collide with PUCCH or PUSCH of a different cell in the same symbol as long as the UE is not power limited.
In Rel-12, under TDD-FDD CA, it is possible that even if shortened format PUCCH or PUSCH is used in a FDD cell, it may still collide SRS in the 2nd last symbol in a TDD Scell. In such a case, the SRS in the 2nd last symbol in the TDD Scell is dropped.

The latest relevant standard text in 36.213, 12.8.0, is copied below (the text in red was introduced for Rel-12 TDD-FDD CA):

A UE not configured with multiple TAGs shall not transmit SRS in a symbol whenever SRS and PUSCH transmissions happen to overlap in the same symbol.
--------------------------------------------------------------

If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and SRS and PUCCH happen to coincide in the same subframe in the same serving cell, 

-
The UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is FALSE; 

-
For FDD-TDD and primary cell frame structure 1, the UE shall not transmit SRS in a symbol whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as defined in subclauses 5.4.1 and 5.4.2A of [3] happen to overlap in the same symbol if the parameter ackNackSRS-SimultaneousTransmission is TRUE.
-
Unless otherwise prohibited, the UE shall transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as defined in subclauses 5.4.1 and 5.4.2A of [3] happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is TRUE.

Note that, it is possible that two or more UL CCs may have different CPs. As a result, even if shortened PUCCH or PUSCH is used, it is still possible to have a SRS transmission of extended CP collide with PUCCH or PUSCH of normal CP. 
[image: image1.emf]SRS

1ms

PUCCH or 

PUSCH Cell, 

NCP

SRS Cell, 

ECP

PUCCH or PUSCH

Overlap

[image: image2.emf]SRS SRS

1ms

FDD PUCCH 

Cell or FDD 

PUSCH cell , 

NCP

SRS Cell, 

ECP

PUCCH or PUSCH

Overlap


Figure 1. Illustration of SRS colliding with shortened PUCCH or PUSCH 
Note that, especially due to the introduction of the red text above, when multiple TAGs are not configured for a UE (a single TAG), the SRS dropping behavior is rather inconsistent 
· The last SRS symbol in a regular UL subframe with ECP may collide PUCCH cell with NCP, but SRS is NOT dropped.
· The last SRS symbol in UpPTS with ECP may collide PUCCH cell with NCP, SRS is dropped
· It may also depend on how the specification is interpreted w.r.t. the wording “in the same symbol”. If the wording is strictly interpreted, SRS is NOT dropped
· The last SRS symbol in regular UL subframe or in UpPTS with ECP may collide PUSCH cell with NCP, and SRS is always dropped.
· It may also depend on how the specification is interpreted w.r.t the wording “in the same symbol”. If the wording is strictly interpreted, SRS is NOT dropped.
· The 2nd last SRS symbol in UpPTS is always dropped when FDD cell has PUCCH or PUSCH due to overlapping, but NOT dropped otherwise (unless the UE is power limited).
· Note also that the 6-symbol UpPTS configuration is introduced in Rel-13 for more SRS transmission opportunities. Based on the same rule, SRS not in the last symbol is dropped as long as FDD is the PUCCH cell, but not dropped otherwise (unless the UE is power limited)
As a result, it is recommended that RAN1 to discuss this issue and to reach a common understanding, and if necessary, to have the corresponding specification change.
3
Conclusions 
In this contribution, we discussed one issue regarding SRS dropping in CA particularly when two or UL CCs have different CPs. It seems that the handling of SRS dropping is rather inconsistent in different conditions. Thus, it is recommended that RAN1 to discuss this issue and to reach a common understanding, and if necessary, to have the corresponding specification change.
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